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Reduction of decline in GFR by 0.53 mL/min/yr
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Kasiske BL et al. Am J Kidney Dis. 1998; 31: 954
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Declino del filtrato morte renale
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l'effettiva riduzione giornaliera di 0.2 g/Kg di proteine

29% in meno di perdita del GFR
41% di ritardo sul tempo di ingresso in dialisi

51% di riduzione del rischio di ESRD
Levey AS, et al. Am J Soc Nephrol 1999

Towl 95%C) 1002 998 ' 1000%  (0.68[0.55,0.84]
lotal event= | |3 (Low protein), 168 (Hipher protein)

Heterogenetty: Taw? = 00; Chi? = 820, df =9 (P = 051} £ =00%
lest for overall effect 7 = 168 (P = 0.00024)

L= deaathe on bow L= deaths on high

Fouque D, et al. Cochrane Review 2009, n.3



Declino del filtrato
glomerulare

PARZIALE CORREZIONE
DEI FATTORI Dl
PROGRESSIONE DEL
DANNO RENALE

+

+ +

La dieta ipoproteica +

FARMACI

o

“morte renale”
Inizio della dialisi

+

Utilita nel rallentamento della
Progressione dell’insufficienza renale

COMPENSO METABOLICO
E NUTRIZIONALE
CORREZIONE DEI SEGNI E
SINTOMI UREMICI




Terapia Nutrizionale nella CKD

e Riduzione dell’apporto proteico: 0.3-0.7 g/Kg

e Riduzione dell'apporto di sodio: 2-3 g, o s.n.

e Riduzione dell’'apporto di fosforo: 400-800 mg

e Soddisfacimento della richiesta energetica: 30-35 Kcal/Kg

e Supplementazioni: aminoacidi essenziali e chetoacidi, calcio
carbonato, vitamine, ferro

e Modificazione della qualita dei lipidi: insaturi > saturi
e Modificazione della qualita delle proteine: vegetali

e Bevande: ?
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Terapia Nutrizionale nella CKD

Modulazione dell’emodinamica intraglomerulare

PREGLOMERULAR i GLOMERULUS i POSTGLOMERULAR
EFFECTS ! EFFECTS
|

Low-protein
diet

Angiotensin-
pathway modulation

0 Mesangiél-cel[
1 signaling

Vasoconstriction

Vasodilation

Afferent i 1 TGF-B

arteriole
1 Interstitial Slowed
fibrosis progression
to CKD

Kalantar-Zadeh K & Fouque D. N Engl J Med 2017,;377:1765-76.

Efferent
arteriole




Terapia Nutrizionale nella CKD

Effetto anti-proteinurico

Increased glomerular capillary pressure
* Renal ablation
* Experimental diabetes
* Mineral-corticoid hypertension

Normal glomerular capillary pressure
* Ageing
* Adriamycin nephrosis
* Immune complex nephropathies

<€ ---- ACE inhibitors, ARBs

[ Podocyte dysfunction/loss ]

\/

Increased glomerular
permeability to macromolecules

Increased filtration of plasma proteins

Excessive tubular reabsorption

Nuclear signals for NF-xB-dependent and independent
vasoactive and inflammatory genes

Corresponding protein products then released into interstitium

M

Tubular cell apoptosis

Glomerular-tubule disconnection

| Scarring/GFR loss |

Ruggenenti P et al. JASN 2012;23:1917-1928



Terapia Nutrizionale nella CKD

Riduzione del carico acido

» Acidemia |=

y v
Ts:"? : TEndothelin
+ 4 I
l Y v v
TComplement RAS ET-A ET-B
activation activation receptors receptors
l l ! T H" secretion
Interstitial

fibrosis

Kovesdy CP. Nephrol Dial Transplant (2012) 27: 3056—-3062.



Terapia Nutrizionale nella CKD

Effetto sul microbiota intestinale

a b

Animal protein Fibre
E
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toxins fa‘rty acids

owi ng to CKD

. " barrier integrity
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Translocation of
bacteria, endotoxins » Alkaline environment
and uraemic toxins & “ * Insulin sensitivity

&

T Inflammation, J Inflammation
oxidative stress and [ and acid load
CKD progression

Carrero JJ et al. Nat Rev Nephrol. 2020 Sep;16(9):525-542



La modulazione dell’apporto proteico
nel paziente con CKD

Stadio GFR Apporto proteico giornaliero
CKD | (ml/min/1,73 m?)

| >90 0,8-1,0g/kg/p.c.
] 60-89 Apporto proteico =RDA:
0,8g/kg/p.c.
Ila 45-59 Controllo/ Restrizione proteica:
a. 0.8g/kg/p.c.
b. 0,7¢g/kg/p.c.
b 44-30 c. 0,6 g/kg/p.c.

Restrizione proteica:

v 15-29 a. 0,6 g/kg/p.c.
b. 0,3-0,4g/kg/p.c.
+ AAE e KA
<15 Restrizione proteica:
v nonin dialisi de 0,6 g/kg/p.c.
b. 0,3-0,4g/kg/p.c.
+ AAE e KA

Modificato da Aparicio M et . J Ren Nutr 2012
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Modificato da Aparicio M et . J Ren Nutr 2012

Normalizzazione / Riduzione
del carico dietetico di
Sodio - Fosforo -Proteine

1) Controllo di CKD-MBD

2) Riduzione della Pressione Arteriosa
3) Riduzione della Proteinuric

Rallentamento della progressione della CKD
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Normalizzazione / Riduzione
del carico dietetico di
Sodio - Fosforo -Proteine

1) Controllo di CKD-MBD
2) Riduzione della Pressione Arteriosa
3) Riduzione della Proteinuric

Rallentamento della progressione della CKD

Restrizione dell'apporto dietetico di
Sodio - Fosforo - Proteine
Elevato Apporto calorico

1) Riduzione dell’intossicazione uremica
2) Correzione deisintomie segni della IRC
3) Prevenzione della Malnutrizione

Allontanamento dell’inizio della Dialisi



—

‘erapia Nutrizionale nella CKD

KDOQI :
Q eaof
KIDNEY DISEASE OUTCOMES

QUALITY INITIATIVE rl g '.

Mational Kidney Foundation

Academy of Nutrition
and Dietetics

KDOQI CLINICAL PRACTICE GUIDELINE FOR NUTRITION IN
CKD: 2020 UPDATE

I. Alp lkzer, Jamiynn O Burowes Lawa 0 Byham-Gray, Ketnna L. Campbell, Juan-desws Camaro Winnie Chan,
Denis Fougue, Allon AL Fredman, Sana Gheodar, [ Jordd Goldstein-Fuchs, George A. Kaysen, Joel D. Kopple,
Daniel Teta, Angela Fee-Moon Wang and Liian Cuppari

3.1 Statement on Dietary Protein Intake

Protein Restriction. Non-Dialysis

3.1.1 In adults with CKD 3-5 who are metabolically stable, we recommend protein
restriction with or without keto acid analogs. to reduce nisk for ESRD/death (1A) and
mmprove QoL (1C).
e alow protem diet providing 0.55 to 0.60 g dietary protein/kg 1deal body
weight/day . OR
e avery-low protein diet providing 0.28 to 0.43 g dietary protemn/kg 1deal
body weight/day with additional keto acid analogs to meet protein
requirements (0.55 to 0.60 g kg body weight/day)

Ikizler TA et al. Am J Kidney Dis. 2020;76(3 Suppl 1):51-5107



Terapia Nutrizionale nella CKD

N Uremic toxins
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Koppe L, Fouque D. AJKD 2019; 73:2
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Terapia Nutrizionale nella CKD

...... hella terza decade del 2000 .....

SGLT2I

Median Baseline

A Urinary Albumin-to-Creatinine Ratio

B Change from Baseline in Estimated GFR Baseline (ml/min/1.73 m?)

Canagliflozin Placebo Canagliflozin Placebo
913.5 918.0 56.4 56.0
1200 @ 0=
=11] —2*? E
1000 Placebo s \ -
- i - - 5 e [
z L S 4] P
2 3007 * < -+ + & 1 g = P
= L 1 s _g- . = Canagliflozin
£ 600 53 ] —=_
3 —% —3% %35 — ¢ 4 55 e
E 4004 Canagliflozin q ..._E___ 1 = ) L]
< o e -
U] 2= e Placebo —
200 G el L}
-
0 T T T T T T ] -20 T T T T T T T 1
0 6 12 1% 24 30 36 42 0 3 6 12 18 24 30 36 42
Months since Randomization Months since Randomization
. No. of Patients
No. of Patients
Placebo 213 2061 186 1865 174 1158 e85 251 Comegiflosin o8 200 1o1s 1 ks 1 e o
Canagliflozin 2114 2070 2019 1917 1819 1245 730 271

Perkovic V etal. N Engl J Med 2019,380:2295-2306.



eGFR e SGLT2i

0
-1 Placebo
LR
v &
B~ Y]
54 4
6"5“ 5 Dapagliflozin
cE -6
U = _;f_
sE
5% o]
19 o
oo ]
Ve -114
s £ -12-
S0 134
_14-
-15 | | | | | | | | | |
0o 2 4 8 12 16 20 24 28 32 36

Months since Randomization

No. of Participants
Placebo 2152 2029 1981 1866 1795 1753 1672 1443 935 447 157
Dapagliflozin 2152 2031 2001 1896 1832 1785 1705 1482 9738 496 157

Heerspink H.J.L. et al. N Engl J Med 2020,383:1436-46.



GFR e LPD

Decline in GFR from Baseline
(mi/min)

Klahr S, et al. N Engl J Med 1994



Modulazione dellemodinamica glomerulare

. . T
x E s —

\:"L‘i'j‘/ Ef) ©
T e © ‘ T |
T6F ! e RAASI

SR .

SGLT2 T
(ea}

NSAIDs

* In type Hl diabetes

Cupisti A et al. Front Med 2020; 7:622593



SGLT2

inhibitors

distal tubule
—> Na+ delivery

Dietary Changes

High Low
Salt = Salt

||

l ECV

k>| TGF

Animal = Plant ‘ High Low
Protein Protein  Protein Protein
L v — v

Hyperfiltration
Albuminuria

Nephroprotection

Cupisti A et al. Front Med 2020; 7:622593



(A)

Study Subgroup

DELIGHT  Owerall

Low protein

High protein

IMPROVE  Overall

Low protein

High protein

DIAMOND Owerall

Low protein

IMPROVE Overall
Low protein

High protein

DIAMOND Overall
Low protein

High protein

Dapagliflozin

-19.7 (-31.3, -
-18.2 (-31.7, -
-22.9 (-36.5, -

-40.5 (-51.7, -
-48.4 (-63.6, -
-31.4 (-45.1, -

-29.4 (-39.3, -
-27.2 (-41.0, -

High protein -

-3.9 (-6.4, -1.4)

6.3(-9.4, -3.1)
-6.6 (-11.8, -1.3)
-6.0 (-9.4, -2.6)

-6.3 (-8.0, -4.6)
-6.6 (-9.2, -4.0)
5.8 (-8.2, -3.5)

P value for

Placebo Difference vs. placebo interaction

6.2) 6.1(-5.0,23.6) -24.3 (-34.3, -12.8) 0.523

_.—
2.2) 14.2 (-4.6, 36.8) . -28.4 (-41.4, -12.5)
6.4) -3.1(-19.7, 17.1) S — -20.5 (-35.0, -2.7)
26.7) -6.8 (-24.5, 15.0) : "
27.0) -11.7 (385, 26.8) ¢ 4
14.2) -1.6 (-20.6, 21.8)
17.7) -15.0 (-27.2, -0.6)
10.2) -18.7 (-34

P value for
interaction

Difference vs. placebo

o -2.1(-4.2, -0.1) 0.765
1.0(-3.4, 1.5) B 2.2(5.1, 0.8)
-1.8(-4.2, 0.6) N -2.1(-5.1, 0.8)
1.5(-4.5, 1.5) -4.8(-8.6,-1.1) 0.439
-3.3(-8.3, 1.8) o "~ -3.3(-9.9, 3.2)
-0.3 (-2.9, 3.6) " - -6.3 (-10.4, -2.2)
0.3 (-1.4, 2.0) o 6.6 (-9.0, -4.2) 0.831
-0.4(-3.0, 2.1) -6.2 (-9.8, -2.6)
0.9 (-1.5, 3.3) A 6.7(-10.1, -2.3)

T
-12,0 -7,0 -2,0 3,0 8,0

van der Aart-van der Beek AB et al. Diabetes Obes Metab. 2021;1-7.
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...I'inizio della dialisi.....

.. fase di accelerazione del declino della funzione renale residua...

Urea clearance, mL/min

6 6
5 1 5 77
- S
L T
4 | !1.& | :é 4
314 T ONT g 3 N
6 ° 1N
2 - N g 2 - | i “*tr
1 1 | ! |
=
0 N 0 : S ——
N=242205190156 126 105 82 59 48 N=59 60 62 55 40 33 26 20 17
0 6 1218 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Time on hemodialysis, months Time on peritoneal dialysis, months

McKane W et al. Kidney International 2002; 61: 256
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ORIGINAL ARTICLE

Incremental dialysis in ESRD: systematic review and meta-analysis

Carlo Garofalo' - Silvio Borrelli' - Toni De Stefano' - Michele Provenzano? - Michele Andreucci? -

Gianfranca Cabiddu? - Vincenzo La Milia* - Valerio Vizzardi® - Massimo Sandrini® - Giovanni Cancarini® -
Adamasco Cupisti® - Vincenzo Bellizzi” - Roberto Russo® . Paolo Chiodini® - Roberto Minutolo! - Giuseppe Conte' -
Luca De Nicola'

Study Mean Difference MD 95%-Cl Weight
Lin etal. 0.30 [0.21;0.38] 21.0%
Fernandez-Lucas et al. — 067 [0.32;1.02] 18.4%
Caria et al. —+— 140 [1.22;1.58] 20.3%
Domenici et al. - 050 [022;078] 19.4%
Sandrini et al. 0.07 [-0.03;0.17] 20.9%
Random effects model | : ] *-':IIZZJ*I | 0.58 [0.16; 1.01] 100.0%

-15 1 05 0 05 1 15

Lower loss of RKF
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Incremental dialysis in ESRD: systematic review and meta-analysis

Carlo Garofalo’ - Silvio Borrelli' - Toni De Stefano' - Michele Provenzano? - Michele Andreucci? -
Gianfranca Cabiddu? . Vincenzo La Milia* - Valerio Vizzardi® - Massimo Sandrini® - Giovanni Cancarini® -
Adamasco Cupisti® - Vincenzo Bellizzi” - Roberto Russo® . Paolo Chiodini® - Roberto Minutolo! - Giuseppe Conte' -

Luca De Nicola'

Study Hazard Ratio HR

Elamin et al —

Hanson et al : :
Hwang et al 3.3%
Lin et al ob: 1. 11.5%
Mathew et al 0. 88 [0.72; 1.08] 12.8%

3.46 [0.95:1261] 3.7%
111 [0.89; 1.38] 12.7%
099 [0.47;2.08] 7.3%
110 [0.62: 196] 8.9%
188 [0.43: 820] 3.1%
192 [164: 224] 132%

Mukherjee et al

Random effects model 1.14 [0.85; 1.52] 100.0%

|
0.1 051 2 10

No difference in Mortality risk
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Combined Therapy for Selected Chronic Uremic Patients:
Infrequent Hemodialysis and Nutritional Management

E. Morelli, R. Baldi, G. Barsotti, F. Ciardella, A. Cupisti, L. Dani, A. Mantovanelli, S. Giovannetti

I* Clinica Medica, Universita di Pisa, Italia

Am J Kidney Dis 1994 Aug;24(2):192-204
Supplemented Low-Protein Diet and Once-Weekly Hemodialysis

Francesco Locatelli, MD, Simeone Andrulli, MD, Giuseppe Pontoriero, MD,
Salvatore Di Filippo, MD, and Maria Carla Bigi, MD

Caria et al. BMC Nephrology 2014, 15:172
https//www.biomedcentral.com/1471-2369/15/172

BMC
Nephrology
RESEARCH ARTICLE Open Access

The incremental treatment of ESRD: a low-protein
diet combined with weekly hemodialysis may be
beneficial for selected patients

Stefania Caria', Adamasco Cupisti®, Giovanna Sau® and Piergiorgio Bolasco'



LPD + Dialisi monosettimanale

Funzione renale residua

Riduzione del carico a “monte”
LPD -6/7
+
Emodialisi - 1/7
Depurazione e riequilibrio a “valle”
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Caria S, Cupisti A et al. BMC Nephrol 2014,;15:172



Urine Volume output

ml/die
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Caria S, Cupisti A et al. BMC Nephrol 2014,;15:172



Dietary Management of Incremental Transition
to Dialysis Therapy: Once-Weekly Hemodialysis
Combined With Low-Protein Diet

Piergiorgio Bolasco, MID,* Adamasco Cupisti, MID,T Francesco Locatelli, MD, PhD,T
Stefania Caria, MID,* and Kamiar Kalantar- Zadeh, MD, MPH, PhDf

On CDDP
1,0+
1.0+ 8l
0.8-
0,8 |
a - CDDP
5
_g 06 6 0,6' L‘:
£ > beeeny
@ > . MHD
§ o 7 04
P<0.05
02- 0.21 )
0|0- O'D I | T ] T ] T T T T 1 I I T T 1
1 I | | l I 0 24 48 2 96
0,00 20,00 40,00 60,00 80,00 100,00 )
Months Time (months)
N* patients at risk
CDDP 38 35 28 18 11
NHD 30 25 18 8 5

J Ren Nutr. 2016 Nov,;26(6):352-359



... una conferma dal Giappone ....

Creatinine clearance below 5.0 mL/min or serum creatinine over 8.0 mg/dL,

C-HD OWHD-DT
5.0

i
(=]

DOPPS OWHD-DT (1y) OWHD-DT (2y)

The duration of successfully continued OWHD-DT therapy was more than 4 years in 11.6% of patients,
3yearsin 16.1%, 2 years in 24.1% and 1 year in 51.8%.

Nakao et al. BMC Nephrology (2018) 19:151
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Short communication

The International
I]AO Journal of Artificial

Organs

The role of once-weekly online
hemodiafiltration with low protein
diet for initiation of renal replacement
therapy: A case series

Kullaya Takkavatakarn'(®), Piyawan Kittiskulnam',

Khajohn Tiranathanagul', Pisut Katavetin', Niramon Wongyai'?,
Nanta Mahatanan'?, Kriang Tungsanga',
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and Paweena Susantitaphong'?3

The International Journal of Artificial
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itardare l'inizio e ridurre la frequenza della dialisi, e per il programma di trapianto pre-emptive

Consensus Document



D P incrementale

Quale raccomandazione Nutrizionale ?
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Considerazioni conclusive ....

La terapia nutrizionale ipoproteica nella CKD

ad allontanare I'inizio e/o ridurre la frequenza del
gttamento dialitico, e a proteggere la funzione renale residua

* Puo contribuire a rendere piu sostenibile il trattamento della CKD/ESRD






